We look at methods of improving fuel efficiency and aid in car maintenance by using data feedback systems. Road rating system is a method of measurement and inclusion of additional information about road systems (maps) which determines the quality of the roads and hence can be used to create a rating system for roads. This can be used in navigation systems to improve the drive time and driving comfort, thus increasing the quality of the drive. Due to the changing road conditions, it has to be ensured that map data is updated regularly. We explore the methods by which data can be exchanged between the car and the central database, thus ensuring updated map data. We also propose smartphone integration to achieve communication between the car and the internet.
INTRODUCTION
Our proposed system is aimed at preventing the damage caused to the vehicle due to bad road conditions. Damaged roads cause premature damage to suspension and steering components. Tires and rims can also be damaged by potholes. Shocks and struts take the biggest brunt of the damage to start with. They compress and expand using hydraulic oil to alleviate the effects of driving on uneven surfaces. The bump is transferred to the vehicle; the extent of the bump travels from the tire and wheel directly to the shock absorber. Large potholes can cause the shock or strut to bottom out within itself. The shock is then transferred to the coil or leaf spring of the vehicle.
In addition to these suspension components, control arms, ball joints, tie rods, idler arms, pitman arms, sway bar and sway bar links, center and drag links, wheel bearings and axle shafts are all susceptible to road damage. As the steering and suspension components are compromised under duress, potholes are a leading contributor to a vehicle needing an alignment. Under-or over-inflated tires can be more easily damaged than one with proper inflation. Rims can dent or crack from severe strikes. Long-term effects of damaged suspension or steering components can lead to premature tire wear and poor handling of the vehicle. In severe cases of road damage, even lower engine damage and undercarriage components such as the exhaust system can be compromised.
Additionally, bad road conditions also impact the mileage of the vehicle. Non uniform speeds of the vehicle due to bad road conditions cause an increase in fuel consumption due to increase in frequency of acceleration and braking cycles. The road rating system that we explain in this paper will provide a means of measuring the road conditions and using it in navigation systems to choose better routes based on road quality data which will reduce fuel consumption and damage to vehicles due to bad roads.
DATA FEEDBACK SYSTEM
The road rating system would provide convenient way of restoring roads and keeping the maintenance costs of the car less. This system would automatically give ratings to roads depending upon the vibrations the car will upload samples of the data to the main server. For the road rating system, we propose a client-server architecture (figure1). The server in the data center has two functions: (1) to collect the sample data from the cars (clients), and (2) provide the client with the road quality details for navigation when required.
These samples would then decide the ratings for each road and the ratings of all the roads are available. The vehicles will then have updated information regarding the quality of the roads through the server and the commuter can access his available route options based upon the quality and the distance to destination. This system will again help in the faster restoration of roads. The server being a component of the city corporation can use the data from the various cars regarding the state of the roads in the city and can undertake restoration of those roads which have a relative bad rating. 
Sensors Used

Accelerometer
An accelerometer is an electromechanical device that will measure acceleration forces. Accelerometer can be used for a variety of different kinds of measurements. It can be used to measure the static value of acceleration due to gravity (g) while at rest. It can also measure tilt angles by measuring the change in the values of g along different axis. In our project we have used the accelerometer to measure the vibrations that the wheels of the cars are subjected to while driving. The accelerometer used is a triple axis accelerometer with a range of ±6g. This can make measurement along three axes i.e. along X, Y & Z axis. However, since the vibration of the car due to potholes is highest along the Z axis, we have only used the values returned by the sensor along this axis.
We chose the accelerometer module MMA7260QT from Free scale semiconductors. The MMA7260QT is a low cost capacitive micro machined accelerometer. Its features include inbuilt signal conditioning, a 1-pole low pass filter, temperature compensation and g-Select which allows for the selection among 4 sensitivities. Zero-g offset full scale span and filter cut-off are factory set and require no external devices. The output of accelerometer IC is in terms of variable voltage directly proportional (linear) to the acceleration. The form factor of the board is very small and the board is easily fixable. We selected the 6g sensitivity mode as it reduces the sensitivity to engine vibrations. The voltage output of the sensor varies by 200mV/g. 
Placement of the sensor
The sensor has to be placed in a suitable place which enables measurement of the vibrations with a good degree of accuracy. The suspensions dampen the force of movement of the wheel in the vertical direction. Thus the sensor must be located before the suspension of the car. Lower control arm was found to be the best position for the sensor since it is directly connected to the wheel and hence is subjected to the same vertical vibrations as the wheel. To maximize the force on the sensor, it is placed closed to the wheel and as far away as possible from the hinges connecting the lower control arm and the car frame. This makes the system more sensitive to vibrations due to increased vertical motion.
Number of sensors
The two front wheels experience different vertical vibrations while driving. Thus, two accelerometers, one for each of the two front wheels, are required. It is unnecessary to have sensors on the rear set of wheels as it moves over the same part of the road as the front wheels, but after a short delay. Also this would increase the overall cost and complexity of the system without serving any real purpose. Hence, two sensors are ideal for this system.
Global positioning system
Along with measuring the mechanical vibrations to determine the quality of the road, we also need to determine the location of the road where the measurement is being taken. To determine the location we use the Global Positioning System (GPS). An accuracy of 5m or less is considered to give a satisfactory level of accuracy for this system. The Quality Of Service (QOS) of the GPS unit can be used to give weightage to the data collected by various cars so that a higher preference can be given to systems that are more accurate. 
Analog to digital converter (ADC)
ADC is an electronic device that converts an input analog voltage to a digital number proportional to the magnitude of the voltage. We used the inbuilt ADC of Atmega8 to digitize the output voltage of accelerometer. The sampling frequency used was 5 Kilo samples per second with quantization precision of 8 bits per sample.
Microcontroller
We chose Atmega8 MCU because of its low cost, adequate speed and inbuilt ADC. The following are the functions of the microcontroller: a. The output voltage from the accelerometer is digitised using the inbuilt ADC. b. Since the output voltage has 0-g bias, it is removed using a simple 1st order digital high pass filter implemented using the MCU. The difference equation of the filter is y(n)=x(n)-x(n-1). c. The input from the odometer is used to determine the intervals in which the car travels a distance of 5 metre.
The maximum output of the filter for every 5m travelled by the vehicle is then sent to the Smartphone using wired connection, NFC or Bluetooth.
Sampling
The system is capable of sampling at a rate of 15000 samples per second. However, this is a very high sampling rate for our purpose. We require a minimum sampling rate of 5 samples per 1 meter of distance travelled. Considering the maximum speed of the car to be 180 Km/hr; 180 Km/hr=50 m/sec Sampling Rate = 250 samples/second (i.e. 5 samples/ meter)
Thus we go for a lower sampling rate of 250 samples per second which is sufficient to give the required level of accuracy. By the sampling process, we obtain the reading of the acceleration value g along the z axis at regular intervals of time. The plot of the values is obtained by using Matlab. When the accelerometer is at rest, it gives a constant value corresponding to the acceleration due to gravity (g) as shown.
3.2
Plots using matlab Since we want only the change in the value of acceleration and not its absolute value, we take the first derivative of the obtained data by using the backward difference method. This changes the value to zero when the sensor is motionless and the variations are obtained by taking zero as the reference value. This acts as a first order digital High pass filter as shown in the Fig 7 and Fig 8 . Backward difference: Instead of transferring all the 50 sample values per second to the server, we select and transfer only one sample for every 5 meters of the distance travelled by the car. The value selected has the highest deviation from the zero reference amongst the samples that are taken in the time interval in which 5 meters distance is covered. This value corresponds to the maximum vertical vibration the car experiences (due to potholes or other road surface irregularities) for every 5m of distance covered.
This method provides the following two advantages: a. Reduction in the required data rate of upload to the central server.
b. Reduces the minimum required accuracy of the GPS unit for the proper functioning of the system. This data is transferred to the mobile phone at regular intervals.
ALGORITHM FOR BEST PATH CALCULATION BASED ON SENSOR DATA
The sensor data (xi) collected over time for every 5m stretch of road is available with the server. This data is constantly updated whenever a car uploads the sensor data and an averaging process is done for data collected for the same stretch of road (redundant data is averaged).Consider a point A and a point B. Here point A and B signify two places between which there are many roads connecting them. 
An optimization algorithm is used to select a path having optimally low values of both D and X. The route which satisfies both constraints to maximum extent is rated as the best road. In a map, the shortest path between any two points is found using graph theory .The shortest path can be found by using Dijkstra's algorithm and is shown in the Fig 10. This algorithm is implemented by using the road intersection as nodes(in the above graph cities are considered as nodes) and by considering the length of the road as the length of the edges connecting the nodes in the graph. Shortest path is found by principles of graph theory using Dijkstra's algorithm.
Similarly by assigning the sensor data (xi) to the edges in the graph instead of the length of the road, we can use the same algorithm to find the route with the best quality road i.e. route with minimum potholes and best comfort.
SUMMARY & CONCLUSION
By implementing this system, we can have an almost real time data of the road conditions based on which navigation systems in cars can intelligently select appropriate routes by considering the quality of the road. As a result, we can avoid bad road conditions ensuring passenger comfort, reduced impact of damage to automobile components due to bad road conditions and improved efficiency in usage of fuel. This system also provides a novel way of identifying bad road conditions and speeding up the restoration work on roads by the city development body.
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